This paper sets a methodology to integrate solar thermal systems in BIM-software for the early architectural design of single houses in Concepción, Chile, using parametric families, programming in Dynamo, energy calculation with LadyBug and piping design in MEP. The results obtained allowed to select products, insert and adapts automatically the parametric designs into the model, as well as to identify changes in the type and number of solar components when the solar orientation of the house is modified. It can be applied to more products, different geographic locations and designs of houses or buildings with a similar methodology.
Introduction
Solar collection technologies integrated into buildings help to reduce fuel consumptions and greenhouse gas emissions significantly (Yan et al., 2013) , but it is required to be incorporated in early stages of building design. The "IEA SHC Task 41 document: Solar energy and Architecture", establishes that the solar energy systems do not have as much demand to be integrated into the buildings for the following reasons: economic factors associated with the investment and maintenance costs, lack of technical knowledge from architects and manufacturers, and control of the architectural aesthetic in the envelope of the building. This last factors derived from the lack of tools that can evaluate and illustrate the influence of several applications of solar energy in a beginning of building design that allows doing changes of the project (Wall, Windeleff, & Lien, 2008) .
The methods that describe and recommend implementing solar thermal systems (STS), photovoltaic and hybrid in buildings, lack tasks, like to identify surfaces with higher solar potential related to morphology, function and structure of a building in the early stages of design; to match the collection of solar radiation with the performance of each technology to meet needs as domestic hot water, heating and electricity, as well to develop the detail of the installation in the building design and architectural visualization of the system (Horvat & Dubois, 2012) .
To address the integration of performance analysis in the building design process, some studies have been done with parametric tools (Rahmani et al., 2015) (Jakubiec & Reinhart, 2011) . These studies try to enable designers to explore various formal options and access energy assessment quickly. The common goal of all of these studies is to create a programming to relate the geometry of the building in the early design phase with performance analysis. Most of these tools are created with Rhinoceros® (Rhino), a 3D modeling program, with visual programming editor, Grasshopper®, which facilitates parametric design, linked to energy calculation engines. Nevertheless, these platforms do not have access to all building elements and workflow available in BIM (Building Information Modeling) systems, like Revit, Archicad and Nemetschek, that are increasingly used in the construction industry to develop the design and manage design delivery process (Rahmani et al., 2015) .
During the design process, the performance of a scheme might be optimized by a sequence of analysis and feedback. BIM consolidates this iteration, since the intelligent model serves as a common, continuously up-to date database that is steadily refined until the desired objectives are met (Lobos, Wandersleben, & Castillo, 2014) (Liu et al., 2015) .
The ideal and automated integration of multi-criteria design evaluation with BIM is not fully implemented yet. Instead of automatically generating a Building Energy Model (BEM model), manually re-entering of architectural and technical information into a static calculation or dynamic simulation software is common practice: a highly inefficient working method, prone to errors (Senave & Boeykens, 2015) .
By such reason, this article sets a methodology to integrate solar systems in a BIM-software, with the example of a real-estate house in Concepción, Chile. Through an experimental research to identify and characterize solar thermal systems (STS) available in the zone and typical single-family houses of real-estate complexes, to define their characteristics and linked them to the BIM software using an algorithmic programming with Dynamo, piping layout with MEP, energy calculation with LadyBug, as well as economic assessment and architectural visualization.
The study obtained an integrated design method that allowed to select products, insert and adapts automatically into the parametric building model. And also, to verify their adaptability to each design of houses. Besides, the parametric analysis allowed identifying changes in the type and number of solar components when the solar orientation of the house is modified This integration of the BIM concept into the design stage can and be used to select the best green building designs and reduce the need for later design modifications that require extra time and cost. Efforts to prevent adverse environmental impacts and to minimize energy costs are beginning to show beneficial effects in terms of more efficient and sustainable building designs, improved building performance, and minimization of environmental risks (Shoubi et al. 2015) 
Methods
First, a review of solar thermal systems (STS) most used in the zone was carried out, to define the shape and technical features of products proper to be integrated into roofs of single-family houses in Concepcion. Secondly, a selection of two cases of real-estate models was done, that have different roof inclination (40° and 27°) and built surface, but a similar amount of rooms: 3 bedrooms, 2 bathrooms, family room, kitchen and living-dining room. Third, it was applied the parametric design of all components of STS in the digital model of the houses created in Revit software. Algorithmic programming generated with language Dynamo and environmental analysis through Ladybug enabled the calculation of the panels and tanks most suitable to the orientation and roof configuration of each house. Linked to an Excel table to determine the collection solar area and the accumulator capacity necessary to supply the demand of domestic hot water, according to national law 20.365 that provide a state subsidy for these installations.
The procedure carried out allowed to select products, insert and adapts automatically the parametric designs into the model. And also, to integrate them into a piping layout with MEP utilities of Revit software, optimizing the routing and connections between the fittings and domestic equipment; in order to verify their adaptability to each housing design.
Characterization of solar thermal systems (STS) and housing models
It was determined that the STS of forced type is the most suitable for architectural integration of houses, due it allows inserting solar collector on the roof independently to the other elements of the system. These systems have collectors of different types and dimensions. The most commonly used are plane collectors, which have 2.0 m² or 2.4 m² of the catchment area, and the Heat pipe, which an area of catchment between 2.6 m² and 4.4 m² ( Table 1) . Both of them can have accumulators of DHW (Domestic Hot Water) type glazed with coil and capacities between 200 l and 500 l. This information allowed creating in Revit software the parametric family of each element with the geometry and technological features for the calculation of the STS, with the possibility to generate various options of design in function to the demand of ACS and features of the housing. To identify current housing models built in the city of Concepcion, it is taken as reference the county archive of building projects from 2006, where are identified the bigger real estate complexes with 2139 houses built. This coverage provides a statistically 95% confidence interval with respect to all homes built during the period, thus providing an accurate representation of the current residential construction (Zalamea & García, 2014) .
The nine-complex real estate reviewed contain 33 models different from single family houses, detached or semidetached. The five types of houses that present greater number of units according to the total sample, shows a number of houses between 110 to 339 units ( Figure 1 ). Based on this data, the two models with a greater number of units built the last decade in the central commune of Concepción were selected: a house of 103 m² located in "Las Princesas" complex, and a house belonging to the complex Antilhue (S-94). The selected models are common designs and allows to have detailed building information: type of roof, roof inclination, construction area, and other parameters specified in Table 2 . The roofs of the selected houses have an inclination of 40° and 26. 71° (Figure 2 ), which coincides with the common slopes of approximately 1,000 cases studied by Zalamea and Garcia (2014) of a total of 2139 units (47% of the sample). Both cases present different built surface and layout, however, they have the same amount of rooms: 3 bedrooms, 2 bathrooms, family room, kitchen and living-dining room. This condition allows designing the STS with a demand for domestic hot water equal to two cases, with opportunities to explore variations on the system by the differences in roof slope and house orientation. 
BIM -Parametric families
The representation of the Solar Thermal System (STS) like parametric families include a piping system on Revit MEP by placing mechanical components in the house model, assigning them to a supply or return course. Subsequently, with the use of design tools it can determine the best routing for the pipes that connect the system components.
The products identified compound each family associated with the category of mechanical equipment. This category includes different types of components, each one has a graphic representation associated and an identical set of data, called family parameters. The table 3 shows the family parameters to be applied in the process of STS design, with properties of each one, to select which best suits to the requirements of the house.
Link the STS in the parametric design of a house
The parametric family of STS is placed in the house design made in Revit (case of study A) to review its integration, establishing geometric relationships between components. This way enhances the possibility of examining variants without the need to do all representation work again.
The use of parametric families of each of its components, especially the roof, allows it to control the location of entities in the model, and to obtain data of geometry and orientation necessary for sizing and integration of the STS. 
Calculation of the Solar Thermal System components
The catchment area and the capacity of the accumulator of the STS to supply the demand of domestic hot water are calculated. This process was done according to the Chilean law 20.365, and it was defined in an Excel spreadsheet in which were inserted input values needed for the final calculus.
This procedure requires data of: daily demand, housing demand, energy annual demand, solar fraction, the performance of the STS and the annual radiation collected. This last amount depends on of data extracted from the 3D model housing as the angle of roof and azimuth; and may vary according to the location of the house to assessing possibilities of adaptation of the STS.
The daily demand of hot water at a temperature of 45 °C is estimated, and daily hot water consumption per person regarded equal to 40 L/day (Cp) for single-family houses (Ministerio de Hacienda, 2010) . Similarly, the number of people who inhabit a house is calculated according to the values in Table 4 , which serve as a basis for calculating the demand of domestic hot water of a housing (Dv) according to the following expression:
Dv=Cp*Nº of people Once calculated the demand for domestic hot water (Dv) it is proceed to calculate annual energy (DEacs), which represents the amount of energy required to raise the temperature of the flow of water from the inlet temperature of the cold water until the temperature at the points of consumption (Ministerio de Energía et al., 2010) . It is calculated using the following expression: In this case, (Ministerio de Hacienda, 2010) defines that the city of Concepcion belongs to the climate zone C, and therefore requires a minimum solar contribution of 57%. This is the value that will be taken as a basis for sizing the STS in a first step, then the most optimal value according to the catchment area of the solar collectors will be established.
The accurate of the efficiency of STS is regarded in the calculation process in which all their variables are interrelated, but its estimation facilitates the installations size assessment (Ministerio de Energía et al. 2010) . Since this research focuses on the sizing of the STS to integrate into the architecture of a house in the early stages of the design, it will be taken as reference data from the work "Experimental validation of SDHW systems and parametric study on their performance based on dwelling characteristics" (Jerez, Cuevas, & Fissore, 2016) , where the evaluation of a solar thermal system with flat collector annual simulation throws system efficiency of 45%.
This value matches the approximate estimation according to (Ministerio de Energía et al., 2010) which says that the average annual performance of the solar installation depends on the mean yield of the solar collectors, that 40-60% is usually included in the range. It is also estimated that the rest of the installation components introduce additional thermal losses that contribute to reducing this performance, these losses should never be higher than 20% and, therefore, values of average annual yield can be estimated for the complete installation within the range of 30 to 50%.
To calculate the solar collector's area is necessary to have the solar annual radiation value on a plane with the same orientation and inclination, which in this case is the roof side for an architectural integration of the panel. Then, this data is defined by the slope and the azimuth of the cover selected. These annual radiation values are taken from Meteonorm data of the Concepcion´s airport (WMO Index number 856820) through a table created with different angles of inclination and azimuth (Table 5) Finally, the collector area (Ac) allows to select the type and quantity of solar collectors to be used according to the parametric families, and is determined based on the following expression: The volume of the accumulation system depends on collectors area, using a specific value of 75 litre of accumulation per square meter of thecatchment (Ministerio de Energía et al., 2010) . Maybe formed by one or more deposits accumulators and the volume total of them accumulators must be according with the demand and have a value that meets the following condition:
where: A= Surface installed of STS V= The accumulator volume To relate the inputs and to calculate the solar collectors area in the case of study A, am spreadsheet was created in Excel and the equations and data identified previously were inserted (Table 6 ). In addition, a data base is created with the parametric families of already identified accumulators and solar collectors ( Table 7) . The area of each of these components is related to the calculated surface of collectors to select the type of collector and storage tank that fits better to the requirements of the system. The Table 8 In the case of study A (inclination 40º and azimuth 0 °) the applied methodology allowed to determine that it needs to be a catchment area of 1.74 m² and a capacity of the accumulator equal to 130.1 litres. To comply with these requirements, the database of solar thermal components integrated to the Excel table allowed determining two options of installation.
A first case where the collector called "Heat Pipe -01" with an area of 2.6 m² provides a solar fraction of 85%, and a second case where the plane collector of type "plane -01" of area equal to 2.0 m² obtains a solar fraction of 65.7%; both cases with an accumulator of 200 liters of capacity. To evaluate both options it is convenient to use the collector of the second alternative because its annual solar fraction does not exceed the critical value 75%, according to the FChart calculation program. Oversupply generate a thermal energy production increased to 90% in the summer months, producing risks of overheating of the STS (as it is the case of the Heat Pipe collector -01). 
YES

Algorithm programmatic with Dynamo + Ladybug
Through the implementation of the algorithm with Dynamo language, has been devised with a set of operations that allows generating an exchange of information between the 3D Revit model and an Excel spreadsheet. In order to define the solar components to integrate into the STS depending on the house variables concerning orientation and inclination angle of the roof (Figure 3) . Also the insertion point of the solar panels is defined according to the solar potential of the roof. The interoperability of the software allows inserting in the table created in Excel the inputs that it needs to carry out the dimensioning of the STS according to the method established. Through Dynamo the node 1 is created and allows to identify the housing surface with greater solar potential according to the analysis performed with Ladybug as energy Simulator, which determines the levels of radiation incidents on each roof side and extracted parameters of inclination and azimuth angle that later with the node 2 are exported and inserted in the Excel spreadsheet (Figure 4) . The relationship created starting from these nodes allows returning information to Dynamo with modifications defined in Excel. This condition allows to supplying the data in the algorithm relating to the type and amount of parametric families to insert in the model through the node 3. With this information, it is determined the insertion point of the solar collectors in the roof through a grid to indicate the point manually, and it is indicated the type of family to insert with the node 4 ( Figure 4 ).
Finally, the algorithm created in Dynamo allows the inclusion of the parametric family of the solar collector and the storage tank in the housing type ( Figure 5 ). This process regard that any variation in the configuration of the roof will affect directly the algorithmic programming created. 
Piping system design with MEP
The design of piping systems with MEP utilities in Revit allows relating all the components of the STS inserted in the model, optimizing the routing and connections between the fittings and mechanical equipment. Three subsystems are identified: water cold system, hot water system and hydronic system. The latter is used for heat exchange, for heating or cooling processes for human comfort, using the liquid as a means of transport of heat (thermal energy), in this case it is represented by the closed circuit between the solar collector and the storage tank of the STS (Figure 6 ).
The tool selected allows creating the pipes circuits and doing the calculation of them according to the parameters already established of the accessories of parametric families, with the flow assigned to each type of this family. Also, it checks the behaviour of the installation in general and the need of making some change in the architecture of the house for its integration. 
Result
A parametric analysis based on two case-studies was done, exploring variations in the azimuth angle of the collectors with respect to the North to generate an array of 8 orientation possibilities (Figure 7 ). The analysis aims to identify changes in the type and number of solar components when the solar orientation of the house is modified (keeping in both cases a provision of 2234.1 Kwh/year).
In the first model, the azimuth angles between 0° and 90° required collection area between 1.71 m² and 2.12 m². Azimuth of -135° and -180° increased this surface to 2.56 m² and 2.94 m², respectively. Recommending the use of a collector type "Plane -01" for angles ranging from 0° to 45°, while for an azimuth of 90 ° is chosen a collector type "Plano -02", both with an accumulator of type "AC -200" to get a solar fraction less than 75% in the full set (critical value). In contrast, to azimuth angles between 90° and 135° the Heat pipe collectors optimizes the STS operation, because the use of one collector type "Heat Pipe -01" with an accumulator "AC-200" adjusts the solar fraction to values close to 70%. The Chart 2 shows that for orientations opposite to the solar travel (-135 ° and 180 °), the types "Heat Pipe -01" and "Heat Pipe-02" give less than 75% solar fraction, which is an optimal option to use in housing. The second case-study (Figure 9 ) changes the roof inclination to 27 °, obtaining a similar behaviour to the previous one in orientations with an azimuth between 0° and 90°. However, solar collector area decreases between 2.17 m² and 2.35 m² respectively for opposite orientations to the solar travel (azimuth -135 ° and 180 °). The behaviour of the plane collectors generates a solar fraction of the system less than 67% in all orientations, then it recommends the use of a collector type "Plane -01" with accumulator "AC-200" for all the alternatives that are within the solar travel (from 0° to 90° azimuth). Changing the type to "Plane -02" when it has an opposite direction to the North (-135 ° and -180 °) . The roof inclination of 27° has a requirement of catchment surface lower by the Heat pipe collector, demonstrating it in the fraction solar values that generate in the STS with orientations between 0° and 90°, with percentages higher to the critical value (75%). However, as in the case of study A, the performance of these collectors are optimized in positions contrary to the solar trajectory (135°,-135° and -180°) using a collector "Heat Pipe-01" and accumulator "AC-200" gets a solar fraction not greater to the 68%, which is superior by the plane collectors in this orientation ( Figure  10 ). The analysis determined that the plane collectors types are adapted to efficient way in housing with roof side positive to the solar trajectory, and when the STS is orientated opposite to the solar trajectory can be optimize with Heat pipe collectors to increase the solar fraction of the system, between 10% and 20% depending on each case. Also, the inclination angle of 27 ° contributes to improving its behaviour energy since the collectors solar receive greater amount of solar annual radiation. Incorporating the costs of the accumulator and solar collector in the parametric analysis, helps to determine that there is a directly proportional relation between these parameters with the solar fraction value that contributes the STS. In the case-study A, the costs associated with the plane collector type, expressed in Figure 11 , shows that it generates an excessive solar contribution of the system with azimuth angles between 135 ° and 180 °, which decreases its economic feasibility. To know the economic feasibility of the STS with the use of Heat pipe collectors type, the Figure 11 shows how the use of these components generates two different scenarios. In a first case, it has a cost less of 168.216 CLP (Chilean Pesos) in orientation -135 °, representing a 10% less than the investment for collectors plane. In a second case it has an extra cost of 160.400 CLP for orientations -180 ° (9.5%). Demonstrating that the selection of these collectors improves the solar fraction values and requires an investment with little room for variation with regard to the alternative of plane collectors.
To analyze the case-study B, in the Figure 12 it is observes that the costs corresponding to install the plane collectors are similar, particularly the cost of solar components of type "plane -01" presents a cost of 1.260.318 CLP with variation of a 4%, to the change to type "Plane -02", representing a viable economic alternative. Figure 12 . Solar components costs and relation to the solar fraction value, case-study B. Source: the author.
However, the type Heat pipe allows to improving the fraction solar of the system in a 15% and 23% in orientations 135 ° and 90 ° respectively, with an increase of 20% respect to the cost of the plane collectors. These values allow inferring that there are no substantial differences between installing one or other component, according to the recommendations made at the monetary approach, the efficiency STS to install lies in the evaluation of the solar contribution depending on its orientation which proportionally affects the cost of its components.
Finally, interoperability of employed tools allows visualization of the housing with the STS integrated through the creation of render images (figure 13), demonstrating that both collectors types have the flexibility to be adapted in the roof of the house under the architectural integration criteria. By attaching to existing elements such as skylights and by adding a new function of solar filter that allows incorporating daylight in the living spaces (with type Heat pipe). 
Conclusions
The study obtained an integrated design method to assess and integrates solar thermal systems in single houses that allowed to select products, insert and adapts automatically the parametric designs into the digital model. This method includes a solar products characterization and modeling of parametric families of each component, calculation of the solar energy potential of the housing roof, evaluation of the solar components according to demand of domestic hot water (HWS), quantification and integration of the solar thermal system (STS) in the housing model, layout of plumbing, budget and visualization of architectural integration. It identifies the type and number of components used in the STS based on its energy performance, which facilitates its incorporation in early stages of design.
The characteristics of solar components linked through algorithmic programming created in Dynamo in conjunction with Ladybug as energy simulator, allows the designer to select the more favorable location of the solar collector according to architectural and environmental needs, as well as exploring different alternatives of design. It generates opportunities of customizing the STS directly in the building without requiring data detailed of the project, achieving get results more optimal to reduce the possibilities of overproduction of energy thermal.
This experience allowed demonstrating the integration of solar thermal systems in the early design of houses, with the configuration of equipment according to the roof inclination, orientation, layout of pipes and accessories. It can be applied to more products, different geographic locations and designs of houses or buildings with a similar methodology. Particularly in early stages of building design with a quick energy performance evaluation and configuration to incorporate more properly these systems, to maintain architectural features and to reduce the environmental impact of buildings´ occupation.
